was increased substantially in plasma drawn from these porphyric patients at diagnosis [3.04 Ϯ 0.30 and 2.29 Ϯ 0.26 mol/L for PCT and erythropoietic protoporphyria (EPP) patients, respectively, by direct assay], indicating oxygen-free radical inactivating capacity in these porphyrias ( Fig. 1 ). Specific therapies [34] , including chloroquine, ␤-carotene, charcoal, and cholestyramine, did not interfere. A detailed analysis of the concentrations and their relationship to plasma porphyrin amounts, photosensitivity, and other pathology will be reported elsewhere.
acid substitutions [2] . The apo E3 allele is the predominant isoform in all populations studied. The apo E4 allele is associated with increased total serum cholesterol and greater odds for coronary heart disease [3] ; it also constitutes a major risk factor for Alzheimer disease [4] . The apo E2 allele seems to have a protective effect against Alzheimer disease and is associated with longevity [5] . Consequently, interest in examining individual patients and study groups for the apo E isoforms is growing. In this communication we describe a simple procedure that facilitates the genotyping of the apo E polymorphisms.
In the common apo E3 polymorphism, TGC encodes for Cys 112 , and CGC encodes for Arg 158 . In the apo E2 another TGC codon results in Cys 158 , whereas in the apo E4 a different CGC codon gives rise to Arg 112 . The three apo E alleles determine six genotypes, i.e., three homozygotes designated E4/E4, E3/E3, and E2/E2 and three heterozygotes designated E3/E4, E2/E3, and E2/E4.
Early methods for detection of apo E isoforms were based on protein isoelectrofocusing [6] . After the identification of the apo E gene [7] molecular methods based on PCR amplification and HhaI digestion were introduced [8, 9] and later somewhat improved [10, 11] . However, all PCR-based assays are difficult to interpret because the HhaI enzyme yields several small fragments, not all of which are specific for the apo E genotypes. Moreover, incomplete digestion by HhaI can yield ambiguous results. In this study we used two new restriction enzymes, i.e., AflIII and HaeII, that recognize the allele-specific nucleotide substitutions at codons 112 and 158, respectively, and do not recognize additional sites. Fig.  1A illustrates schematically a loss of an AflIII restriction site that is characteristic for the apo E4 allele and a loss of an HaeII restriction site that is unique for the apo E2 allele (see asterisks).
DNA was purified from leukocytes by the salting-out method as described [12] . Genomic DNA was amplified by PCR with the primers F5Ј-TCCAAGGAGCTGCAG-GCGGCGCA and R5Ј-GCCCCGGCCTGGTACACT-GCCA to yield a 218-bp DNA fragment that spans both apo E polymorphic sites. In the PCR, 100 -200 ng of DNA was added to 25 L of reaction mixture containing 75 mmol/L Tris-HCl, pH 9.0, 20 mmol/L ammonium sulfate, 0.1 mL/L Tween, 1.5 mmol/L MgCl 2 , 500 nmol/L of each primer, 0.2 mmol/L dNTPs, 100 mL/L dimethyl sulfoxide, and 0.6 units of Taq polymerase (Advance Biotechnology).
The PCR reactions were subjected to 40 cycles in a thermal cycler (MJ Research) with 30 s of denaturing at 94°C, 30 s of annealing at 55°C, and 90 s of extension at 70°C. Amplified DNA (15 L) was digested simultaneously with 2.5 units of AflIII and 5 units of HaeII (New England Biologicals) for 24 h at 37°C, analyzed on 4% agarose gel (metaPhor, FMC), and visualized by ethidium bromide staining.
As expected, simultaneous digestion of the 218-bp amplified product yielded on 4% agarose gel electrophoresis 145-bp, 168-bp, and 195-bp fragments that were specific for apo E3, E2, and E4, respectively (Fig. 1 ). All six possible genotypes for apo E, i.e., E2/E4, E4/E4, E3/E4, E3/E3, E2/E3, and E2/E2, were clearly discernible (lanes 2-7, respectively). In the E2/E4 genotype (Fig. 1B, lanes 2 and 8) a residual uncut 218-bp fragment was present. To characterize the nature of this uncut fragment, the following experiments were carried out. When the PCR product of the genotype E2/E2 was mixed with the PCR product of the genotype E4/E4 and subjected to simultaneous digestion with AflIII and HaeII, only the bands corresponding to alleles E2 (168 bp) and E4 (195 bp) were observed (Fig. 1B, lane 9) . In contrast, when the same mixture of E2/E2 plus E4/E4 was allowed to denature (95°C for 5 min) and anneal at 55°C before digestion, the uncut 218-bp band was observed (Fig. 1B, lane 10) . These findings were consistent with a heteroduplex formation between DNA strands carrying the E2 and the E4 sequences with its anticipated resistance to the enzyme digestion.
In conclusion, simultaneous digestion of an amplified segment of the apo E gene by AflIII and HaeII enzymes clearly determines all apo E genotypes. The assay is easy In A, the recognition sequences of these enzymes are depicted inside the boxes, and the vertical lines represent their cleavage sites. The bold letters T and C indicate the initiation of cysteine or arginine codons, respectively. The sizes (bp) of the digested fragments are shown between the arrows. Asterisks designate losses of restriction sites in the apo E2 and E4 alleles. In B, lane 1 depicts the 218-bp amplified segment, and lanes 2-7 show E2/E4, E4/E4, E3/E4, E3/E3, E2/E3, and E2/E2 genotypes, respectively. Lanes 8 -10 illustrate that the uncut 218-bp fragment is a E2/E4 heteroduplex (see text). The marker (M) HaeIIIdigested X174 was used as a standard.
to perform and can be used for analysis of numerous samples within a short time.
